Requirement for the Xrcc1 DNA base excision repair gene during early mouse development.
Surveillance and repair of DNA damage are essential for maintaining the integrity of the genetic information that is needed for normal development. Several multienzyme pathways, including the excision repair of damaged or missing bases, carry out DNA repair in mammals. We determined the developmental role of the X-ray cross-complementing (Xrcc)-1 gene, which is central to base excision repair, by generating a targeted mutation in mice. Heterozygous matings produced Xrcc1-/- embryos at early developmental stages, but not Xrcc1-/- late-stage fetuses or pups. Histology showed that mutant (Xrcc1-/-) embryos arrested at embryonic day (E) 6.5 and by E7.5 were morphologically abnormal. The most severe abnormalities observed in mutant embryos were in embryonic tissues, which showed increased cell death in the epiblast and an altered morphology in the visceral embryonic endoderm. Extraembryonic tissues appeared relatively normal at E6.5-7.5. Even without exposure to DNA-damaging agents, mutant embryos showed increased levels of unrepaired DNA strand breaks in the egg cylinder compared with normal embryos. Xrcc1-/- cell lines derived from mutant embryos were hypersensitive to mutagen-induced DNA damage. Xrcc1 mutant embryos that were also made homozygous for a null mutation in Trp53 underwent developmental arrest after only slightly further development, thus revealing a Trp53-independent mechanism of embryo lethality. These results show that an intact base excision repair pathway is essential for normal early postimplantation mouse development and implicate an endogenous source of DNA damage in the lethal phenotype of embryos lacking this repair capacity.